In humans, gene products of the major histocompatibility complex (HLA) are involved in the interaction of T cells and monocytes/macrophages in immune responses to antigen (1-3). In particular, in vitro activation of T ceils from in vivo sensitized individuals requires corecognition of HLA-D/DR or related structures on monocytes/macrophages, together with antigen, for optimal response (1, 4). This restriction phenomenon has been accounted for by postulating that either T lymphocytes have receptors for new antigenic determinants formed by foreign antigen complexed with self-HLA products (altered self hypothesis) or that T cells have two receptors, one for self-HLA determinants and one for foreign antigen (dual recognition hypothesis). Previous studies with F1 hybrids from inbred strains of guinea pigs have demonstrated two independent subpopulations of antigen-reactive T lymphocytes in these animals, capable of being activated by antigen-pulsed macrophages from either parental strain (5). We report here the results of experiments using the [3H]-thymidine suicide technique (6) indicating that the response of immune human T cells from HLA-D/DR heterozygous donors to the soluble protein antigen purified protein derivative (PPD) is clonally expressed and consists of the concurrent proliferation of at least two separable subpopulations of cells. In addition, using in vitro priming techniques (7, 8) of in vivo sensitized lymphocytes from heterozygous donors, it was possible to generate specific memory cells capable of recognizing the priming soluble protein antigen together with the HLA-D determinant present in the initial sensitizing culture. The use of unrelated monocyte donors demonstrates the importance of the HLA-D/DR antigens for T-cell-monocyte cooperation.
In humans, gene products of the major histocompatibility complex (HLA) are involved in the interaction of T cells and monocytes/macrophages in immune responses to antigen (1) (2) (3) . In particular, in vitro activation of T ceils from in vivo sensitized individuals requires corecognition of HLA-D/DR or related structures on monocytes/macrophages, together with antigen, for optimal response (1, 4) . This restriction phenomenon has been accounted for by postulating that either T lymphocytes have receptors for new antigenic determinants formed by foreign antigen complexed with self-HLA products (altered self hypothesis) or that T cells have two receptors, one for self-HLA determinants and one for foreign antigen (dual recognition hypothesis). Previous studies with F1 hybrids from inbred strains of guinea pigs have demonstrated two independent subpopulations of antigen-reactive T lymphocytes in these animals, capable of being activated by antigen-pulsed macrophages from either parental strain (5) . We report here the results of experiments using the [3H]-thymidine suicide technique (6) indicating that the response of immune human T cells from HLA-D/DR heterozygous donors to the soluble protein antigen purified protein derivative (PPD) is clonally expressed and consists of the concurrent proliferation of at least two separable subpopulations of cells. In addition, using in vitro priming techniques (7, 8) of in vivo sensitized lymphocytes from heterozygous donors, it was possible to generate specific memory cells capable of recognizing the priming soluble protein antigen together with the HLA-D determinant present in the initial sensitizing culture. The use of unrelated monocyte donors demonstrates the importance of the HLA-D/DR antigens for T-cell-monocyte cooperation.
Materials and Methods
Peripheral blood mononuclear cells were isolated by conventional techniques from previously BCG-vaccinated healthy donors who had demonstrated a primary in vitro proliferative response to PPD. T lymphocytes and non-T cells were fractionated using AET-sheep erythrocyte rosette formation followed by Ficoll-Isopaque (Lymphoprep, Nyegaard & Co., AS, Oslo, Norway) flotation. This was followed by a 2-h incubation in plastic tissue culture flasks, removing the majority of adherent cells. T lymphocytes purified in this manner did not respond to PPD in the concentrations used in this study, and contained <1% latex-ingesting cells. In all of the experiments performed, the non-T-cell fraction, consisting of ~50% monocytes (determined by latex ingestion) and contaminating B cells were used directly, without further purification. Because B cells have been shown incapable of cooperating with T cells in a proliferative response to PPD, the monocytes in the non-T-cell fraction are the functional ceils (9) . The monocytes were irradiated with 25 Gy before use in all cases. The T-cell fraction of the cultures was reseparated and 5 × 104 T lymphocytes were redistributed in tr!iplicate in the wells of round-bottomed mieroplates together with PPD with or without 1 × 10 monocytes in 150 #1 of tissue culture medium. The plates were incubated for a total of 72 h and harvested after a 6-h pulse with 3H-thymidine.
Results and Discussion
The effects of [3H]thymidine hot pulse treatment on the PPD response of T cells cocuhured together with autologous irradiated monocytes during the preincubation period was studied in a series of five experiments. Identical cultures were established and received the same hot pulse treatment, but control cultures contained no antigen during the preculture period. The T cells, after a double wash, were then reexposed to PPD in the presence of either autologous or allogeneie monocytes sharing one or no HLA-D antigens with the T-cell donor as indicated in Fig. 1 . As can be seen from the figure, the presence of [3H]thymidine of high specific activity in precultures of T cells together with autologous irradiated monoeytes, but without antigen, had little effect on the ability of the cells to respond to PPD in secondary cultures when fresh monocytes were added together with the antigen (Fig. l, stippled column) . In contrast, the response of T cells precuhured with autologous monocytes, and [3H]thymidine in the presence of PPD, was significantly impaired in all of the combinations tested, including those containing HLA-D/DR incompatible monocytes. This indicates that the subpopulation of responding T cells activated by PPD and autologous monocytes includes those T cells activated by antigen and monocytes from allogeneic HLA-D/ DR compatible homozygous donors. In addition, the fact that it was possible to eliminate the PPD response observed in some combinations of T cells and HLA-D/ DR incompatible allogeneic monocytes by hot pulse treatment, suggests that the same subpopulation of T cells also responds to antigen presented by either autologous or HLA-D/DR incompatible allogeneic monocytes. The proliferative response to soluble antigens observed with HLA-D/DR incompatible monocytes (10) then might be a result of cross-reactivity at the level of the T-cell receptor.
The lack of response observed in the treated cultures cannot be a result of priming effects or the generation of specific suppressor cells because cultures of T lymphocytes and autologous monocytes and antigen without hot pulse treatment were always capable of being stimulated by the addition of PPD and fresh monocytes after 3 d of preculture (data not shown). [3H]Thymidine suicide PPD precultures were also established employing T lymphocytes from HLA-D/DR heterozygous donors together with monocytes from one of a pair of allogeneic homozygous donors sharing one or the other HLA-D/DR antigen with the T-cell donor. The results of three experiments are shown in Table I . T cells cocultured with HLA-D/DR homozygous monoeytes, PPD, and [3H]thymidine, whereas nonresponsive to PPD presented with the monocytes used during the hot pulse preculture did respond to PPD when presented together with either autologous monocytes or monocytes from the other homozygous HLA-D/DR compatible donor. Reciprocal results were obtained by interchanging the monocyte donors (second and third line in each experiment shown in Table I ). Similar results were obtained in other experiments using cell donors of other HLA-D/DR specificities.
In further experiments we sensitized T cells from an immunized heterozygous donor in vitro by coculturing the T cells in the presence of autologous monocytes or monocytes from HLA-D/DR compatible homozygous donors together with low concentrations of PPD for 12 d. After this period, the T-cell fraction was reseparated as previously described and the cells rechallenged with fresh irradiated monocytes and PPD for an additional 3 d. Fig. 2 shows the results of one experiment. The primed T cells in the absence of monocytes showed no significant proliferation to PPD. Received for publication 12July 1979.
